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RESUMO 
A lesão medular (LM) é uma patologia que gera inúmeras complicações, entre estas 
a mudança na composição corporal e a espasticidade. A alteração na composição 
corporal ocorre através da diminuição da massa magra e do aumento da massa 
gorda. Já a espasticidade ocorre em cerca de 70% dos casos e pode ser medida 
através do teste pendular. Um teste prático e objetivo, mas que não há na literatura 
uma posição padronizada para a sua realização. Portanto, a presente pesquisa tem 
três objetivos principais: investigar a influência de três diferentes posturas na 
espasticidade de indivíduos com LM; avaliar o efeito de tratamentos com 
estimulação elétrica neuromuscular (EENM) na espasticidade destes pacientes; 
avaliar a composição corporal de indivíduos com LM que praticam ou não atividade 
física. Para isso a pesquisa foi dividida em três etapas. Na primeira, 5 sujeitos com 
LM e 5 controles realizaram o teste pendular em três diferentes posturas: supino, 
semi-supino com 30° de flexão de tronco e sentado com 60° de flexão de tronco. Foi 
utilizado um eletrogoniômetro fixado na perna direita para medir os ângulos do 
joelho e oscilações da perna. Os resultados foram comparados entre as posturas e 
não houve diferença significativa entre elas. Entretanto, os resultados na posição 
sentada foram similares ao do grupo controle. Na segunda etapa, 28 pacientes com 
LM foram divididos em três grupos de acordo com o protocolo de treinamento com 
EENM proposto (exercício, marcha em andador e marcha em esteira) e avaliados 
através do teste pendular antes e depois do treinamento de 6 meses. As avaliações 
foram realizadas antes e após as sessões de treinamento, utilizando um 
eletrogoniômetro. As medidas foram realizadas em ambas as pernas e a postura 
escolhida para o teste foi a sentada com 60º de flexão de tronco. Os parâmetros 
analisados foram: primeiro ângulo de flexão do joelho (Fang), ângulo de repouso 
(Restang), primeiro ângulo de extensão do joelho (Eang), índice de relaxamento (RI) 
e RI normalizado (RIn). Na perna direita, após avaliação inicial, houve diferença nos 
grupos de exercício e andador para Fang e Eang e no grupo de esteira para Fang. 
Após 6 meses, apenas o grupo de andador apresentou diferença para Fang. Na 
perna esquerda, avaliação inicial, o grupo de andador apresentou diferença para 
Restang e de esteira para Fang e Rest. Após 6 meses, o grupo de andador 
apresentou diferença para RI, RIn e Eang e o de esteira para RI e RIn. Na etapa três 
foram avaliados o índice de massa corporal e a composição corporal através da 
bioimpedância de indivíduos com LM que praticam ou não atividade física. Foram 
avaliados 39 pacientes divididos em 4 grupos de acordo com o nível de lesão e a 
pratica ou não de atividade física. Quando foram comparados os grupos inativos 
(paraplegiaXtetraplegia) e grupos de tetraplegia (inativoXativo) ocorreram diferenças 
no percentual de gordura e na massa gorda. Sendo assim, a postura sentada se 
mostrou mais adequada para realização do teste pendular apesar da redução da 
espasticidade. Além disso, os protocolos de treinamento utilizando EENM foram 
efetivos para diminuir da espasticidade em curto prazo. Por último, a atividade física 
demonstrou ser efetiva para prevenir a obesidade e melhorar a composição corporal 
de sujeitos com LM. 
 
Palavras chave: lesão medular, espasticidade, composição corporal, teste 
pendular, estimulação elétrica neuromuscular. 
ABSTRACT 
Spinal cord injury (SCI) is a disease that brings many complications, such as body 
composition changes and spasticity. The changes in body composition include 
decreases in lean tissue mass and increases in fat mass. Spasticity is present in 
about 70% of cases and can be assessed by the pendulum test, although there is no 
standardized position to testing. Therefore the present study had three objectives: to 
investigate the influence of three different postures on spasticity results in patients 
with SCI; to evaluate the effects of different neuromuscular electrical stimulation 
(NMES) protocols on spasticity in these patients; to assess body composition in 
individuals with SCI who practice and do not practice physical activity. Because of 
this the research was divided into three stages. In first stage, five subjects with SCI 
and five controls went through the pendulum test in three different positions: supine, 
semi-supine at an angle of 30° and sitting up at an angle of 60°. An 
electrogoniometer was attached to the right leg for measurement of knee joint angles. 
Results were compared between different positions and statistically no differences 
were found. However, results in sitting up position were similar to control group. In 
second stage, 28 patients with SCI were divided into three groups according to 
NMES protocols (exercise, walker aided gait, treadmill gait) and evaluated by 
pendulum test before and after six months training. Evaluations were performed 
before and after therapy sessions using an electrogoniometer. Measurements were 
performed in both legs in sitting up position. Parameters analyzed were first knee 
flexion angle (Fang), resting angle (Restang), first knee extension angle (Eang), 
relaxation index (RI) and normalized RI (RIn). Initial evaluation for right leg showed 
differences in exercise and walker aided groups for Fang and Eang and treadmill 
group for Fang. After six months, only walker aided group showed difference for 
Fang. Initial evaluation for left leg walker aided group showed significant results for 
Restang and treadmill group for Fang and Restang. After six months, walker aided 
group showed differences for RI, RIn and Eang. Treadmill showed differences in RI 
and RIn. In third stage were evaluated body mass index and body composition by 
bioelectrical impedance analysis in individuals with SCI who practice and do not 
practice physical activity. 39 patients were divided into four groups according to injury 
level and physical activity achievement. When inactive groups 
(paraplegiaXtetraplegia) and tetraplegia groups (inactiveXactive) were compared 
differences in fat percentage and fat mass were observed. Thus, sitting up position 
was more suitable for pendulum test assessment despite, the spasticity reduction. 
Furthermore, NMES protocols were effective to reduce spasticity in short term. 
Finally, physical activity can prevent obesity and improve body composition in 
subjects with SCI.     
 
Keywords:  spinal cord injury, spasticity, body composition, pendulum test, 
neuromuscular electrical stimulation. 
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INTRODUÇÃO 
A lesão medular (LM) ocorre quando a medula é danificada e há uma 
perda na comunicação entre o cérebro e o restante do corpo por um trauma, 
processo patológico ou um defeito congênito1. 
As manifestações clínicas dependem da extensão e/ou localização dos 
danos gerados à medula espinhal, podendo apresentar como sequela a tetraplegia, 
no qual os danos à medula espinhal ocorrem nos segmentos cervicais e as funções 
de membros superiores, inferiores e tronco são comprometidos, ou a paraplegia 
quando o dano ocorre na região torácica, lombar ou sacral podendo comprometer 
funções dos membros inferiores e tronco1,2. 
A LM é uma patologia de alto índice de morbi-mortalidade e afeta, 
principalmente, indivíduos do sexo masculino, jovens, ativos e independentes. A 
incidência varia entre 20 a 50 casos por milhão de habitantes por ano, dependendo 
da localização3. 
Para classificar e avaliar os níveis funcionais da LM de forma mais 
uniforme a American Spinal Injuries Association (ASIA) criou uma escala 
denominada AIS (ASIA Impairment Scale) que examina os dermátomos e miótomos 
determinando assim os segmentos medulares afetados pela lesão. A avaliação 
consiste em um exame sensitivo e motor para determinar o nível neurológico da 
lesão. Além disso, ela também apresenta uma escala de deficiência, que classifica 
as lesões como completas ou incompletas. Sendo que as lesões completas ocorrem 
quando há ausência total da função motora e sensitiva abaixo do nível de lesão, 
incluindo o segmento sacral mais baixo (S4-S5) e nas lesões incompletas há 
preservação parcial da função motora e/ou sensitiva abaixo do nível de lesão 
incluindo o segmento sacral mais baixo1. 
A LM também gera inúmeras complicações secundárias, que ocorrem 
devido à própria lesão, como: infecções urinárias de repetição, disreflexia 
autonômica, ossificação heterotópica, complicações cardiovasculares e respiratórias, 
osteoporose, atrofia muscular e espasticidade1, 2, 4. 
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Durante a fase aguda da LM, principalmente nos primeiros seis meses 
após LM, muitas mudanças ocorrem na composição corporal devido à diminuição da 
mobilidade. As duas principais características são a diminuição da massa magra, 
pela atrofia muscular e diminuição da massa mineral óssea, e o aumento da massa 
gorda5. 
Existem alguns métodos para avaliação da composição corporal como 
medida da circunferência abdominal, índice de massa corpórea (IMC), 
bioimpedância, dual X-ray absorptiometry (DXA), entre outros. Entretanto nenhum 
desses métodos é especifico para indivíduos com LM. 
O IMC é um método recomendado pela Organização Mundial de Saúde 
(OMS) para indicar obesidade em indivíduos saudáveis, entretando este método não 
diferencia massa gorda e massa magra. A bioimpedância é um método prático para 
medir a composição corporal utilizando uma corrente elétrica de baixa intensidade 
(800µA-50kHz) que percorre todo o corpo medindo a resistência que é oferecida 
pelos tecidos do organismo, sendo que a massa magra, por possuir grande 
quantidade de água e eletrólitos, conduz a corrente elétrica melhor que a massa 
gorda, que é o componente que mais oferece resistência. Entretanto, esse é um 
método que exige um protocolo de preparo rígido para realização do exame. 
Outra complicação que será aboradada na presente pesquisa é a 
espasticidade, que está presente em cerca de 70% dos casos de LM6. Ela ocorre, 
normalmente, em lesões acima de T12. Abaixo disso, as lesões afetam a cauda 
equina, ocorrendo lesão do neurônio motor inferior e gerando, portanto, uma 
paralisia flácida7. 
A espasticidade é um dos componentes da síndrome do neurônio motor 
superior (NMS) e é caracterizada por um aumento dependente da velocidade nos 
reflexos de alongamento tônico com espasmos exagerados de tendão, resultantes 
da hiperexcitabilidade do reflexo de estiramento8. 
Esse aumento de tônus causa um impacto na qualidade de vida dos 
pacientes e contribue para o desenvolvimento de contraturas, dor e anormalidades 
posturais6,9. 
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Detectar a espasticidade é fácil, entretanto, quantifica-la é mais difícil, por 
não existirem medidas totalmente padronizadas. Dentre as escalas que avaliam a 
espasticidade em indivíduos com LM, mas de forma subjetiva estão Penn Spasm 
Frequency Scale, Spinal Cord Assessment Tool for Spastic Reflex, Escala de 
Ashworth e Escala de Ashworth Modificada, sendo esta última a mais utilizada10. 
Outra maneira de avaliar a espasticidade em indivíduos com LM, mas de 
forma objetiva, é o teste pendular, que foi criado e realizado pela primeira vez por 
Wartenberg em 195111. Nele o paciente é posicionado com os membros inferiores 
pendentes. Então, com a perna relaxada, o joelho é passivamente estendido e a 
perna é então solta de forma que faça um balanço de acordo com a gravidade. 
Recentemente, este teste tem sido muito utilizado por possuir uma alta 
repetibilidade, entretanto, ele avalia somente o quadríceps femoris e na literatura 
não há uma postura padronizada para realização do teste12,13,14. 
Devido ao impacto que a espasticidade gera na qualidade de vida existem 
vários tratamentos para minimiza-la, como a fisioterapia utilizando movimentos 
passivos lentos, alongamentos, posicionamentos e a estimulação elétrica 
neuromuscular (EENM), os tratamentos farmacológicos, que incluem as medicações 
orais e a toxina botulínica8. 
Além da espasticidade, tratamentos utilizando EENM são utilizados para 
minimizar outras complicações geradas pela própria lesão como a atrofia muscular, 
a osteoporose, as deficiências cardiovasculares, entre outros15,16. 
Entretanto, a contração muscular através da EENM difere da contração 
muscular fisiológica, pois ela induz inicialmente a contração das fibras de rápida 
contração e depois das fibras de contração lenta e resistentes à fadiga. Na 
contração muscular fisiológica ocorre inicialmente o recrutamento das fibras 
resistentes à fadiga e de contração lenta enquanto o recrutamento das fibras rápidas 
só ocorre quando são solicitadas forças adicionais. A força de contração realizada 
pela EENM é modulada pela intensidade e frequência do estimulo 17. 
O músculo paralisado pela LM é composto principalmente por fibras de 
contração rápida atrofiadas. Quando ativado eletricamente produz uma força menor 
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que a normal e entra em fadiga rapidamente, portanto, é necessário como pré-
requisito para iniciar a marcha artificial o condicionamento do músculo paralisado17. 
Diferentes técnicas para gerar a marcha após a LM são utilizadas, desde 
a estimulação com 12 canais até 4 canais, sendo este considerado o mínimo para 
gerar a marcha após um LM completa. Neste caso são estimulados os músculos 
quadríceps femoris para promover a extensão de joelho e o nervo fibular, que 
produz o reflexo de retirada ou a tríplice flexão na fase de balanço17, 18. Em outros 
casos são estimulados eretor da espinha, isquiotibiais, glúteos entre outros. 
Portanto, devido a essas complicações geradas após a LM, é importante 
entender as relações entre a espasticidade, a postura para realização do teste 
pendular, os tratamentos utilizando EENM e a composição corporal.I
                                                          
I As referências da Introdução se encontram no capítulo Referências página 75. 
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OBJETIVOS 
Objetivo geral 
 Avaliar a espasticidade e a composição corporal de indivíduos com LM 
crônica. 
Objetivos específicos 
 Analisar a influencia de diferentes posturas na espasticidade de pacientes 
com LM através do teste pendular. 
Avaliar os efeitos de diferentes protocolos de treinamento com EENM a curto 
e longo prazo na melhora da espasticidade em pacientes com LM. 
Mensurar e avaliar a composição corporal e obesidade de indivíduos com LM 
que praticam ou não atividade física utilizando a bioimpedância e o IMC. 
Avaliar a correlação entre a espasticidade e o percentual de gordura em 
indivíduos com LM. 
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METODOLOGIA 
 A presente pesquisa foi dividida em quatro etapas diferentes para a 
construção da tese. Cada etapa foi nomeada como estudo, os três primeiros estudos 
geraram como resultado três artigos diferentes, que serão apresentados na seção de 
resultados. 
3.1 Estudo 1 
 No estudo 1 foram selecionados 5 indivíduos do sexo masculino com lesão 
medular no Ambulatório de Reabilitação do Hospital de Clínicas da UNICAMP. Além 
desses, foram selecionados 5 indivíduos também do sexo masculino saudáveis, que 
não apresentavam deficiências cardiovasculares, ortopédicas ou neurológicas para o 
grupo controle. 
 Foram excluídos do estudo mulheres e pacientes que apresentassem 
qualquer alteração que aumentar a espasticidade, como infecções (urinária por 
exemplo) e úlceras de pressão ou pacientes que apresentassem aumento súbito e 
excessivo da espasticidade nos dias de testes. 
 Todos os indivíduos selecionados apresentavam LM completa (AIS A) há 
mais de um ano, sendo três com tetraplegia, nível neurológico C4 e dois com 
paraplegia , nível neurológico T3 e T4. 
 Todos os sujeitos foram avaliados através do teste pendular em três 
diferentes posturas: supino, semi-supino com 30⁰ de flexão de tronco e sentado com 
60⁰ de flexão de tronco (figura 1). 
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Figura 1: Posturas durante o teste pendular. 
 Para execução do teste pendular foi utilizado um aparelho composto por um 
eltrogoniometro modelo S700 Joint Angle Shape Sensor (Measurand Inc, 
Fredericton, NB, Canada) e um dispositivo para aquisição dos dados 
(microcontrolados PIC18F4550 Microchip Technology, IN, Chandler, AZ, USA). Além 
disso, dois softwares foram desenvolvidos, um para aquisição, visualização e 
armazenamento dos dados e outro para análise dos dados. Este dispositivo foi 
chamado de Dispositivo de Teste Pendular (DTP – figura 2)19. 
 
Figura 2: Dispositivo de Teste Pendular.  
 Durante os testes o eletrogoniometro foi fixado na perna direita dos sujeitos 
para medir as oscilações da perna e os ângulos do joelho. 
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 Antes do início do teste os pacientes eram posicionados na postura escolhida 
e permaneciam nesta por cerca de três minutos antes do início da coleta de dados. 
 No grupo experimental, o teste pendular foi realizado em três dias diferentes 
sempre no mesmo horário. 
 Os parâmetros analisados foram o primeiro ângulo de flexão do joelho (Fang), 
o ângulo final ou ângulo de repouso da perna (Restang), duração do teste em 
segundos, o índice de relaxamento (RI), calculado através da razão entre Fang e 
Restang e o índice de relaxamento normalizado (RIn), calculado pela divisão do RI 
por 1.6. Em indivíduos saudáveis os valores de RI devem ser maiores ou iguais a 1.6 
e consequentemente o RIn deve ser maior ou igual a 120.   
 Além disso, a pressão arterial (PA) dos indivíduos do grupo experimental foi 
monitorada durante todo o experimento: inicialmente com o paciente ainda na 
cadeira de rodas (PA repouso), antes de iniciar a coleta, já na postura (PA 1), 
durante a coleta (PA 2) e assim que a coleta terminava (PA final). Estes resultados 
estão demonstrados nas tabelas 1, 2 e 3.  
Tabela 1: Resultados PA na postura sentada. 
 
 
 
 
Sujeito PA repouso PA 1 PA 2 PA final 
1 100/60 110/70 110/70 110/60 
2 107/75 110/80 100/75 90/60 
3 100/70 95/65 100/65 105/65 
4 105/60 95/60 100/60 100/70 
5 120/70 125/75 115/70 110/80 
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Tabela 2: Resultados PA na postura semi-supino. 
 
Tabela 3: Resultados PA na postura supino. 
 
A análise estatística do estudo 1 foi feita através da ANOVA para medidas 
repetidas e foram comparados os resultados dos pacientes entre as posturas. 
3.2 Estudo 2 
 No estudo 2 foram selecionados 28 indivíduos do sexo masculino com LM há 
mais de 1 ano, todos do Ambulatório de Reabilitação Raquimedular do Hospital de 
Clinicas da UNICAMP. Foram excluídos do estudo mulheres, indivíduos com menos 
de 1 ano de lesão, indivíduos com infecção urinária ou qualquer outra disfunção 
ortopédica, neurológica ou cardiovascular. 
 Inicialmente, os sujeitos foram avaliados através da AIS e posteriormente 
divididos em três grupos de acordo com o protocolo de treinamento com EENM: 
grupo de exercício (EG), grupo de marcha em esteira (TG) e grupo de marcha em 
andador (WG). 
 O teste pendular foi realizado em dois momentos: na avaliação inicial antes 
do inicio do treinamento e após seis meses de treinamento. Nestes dois momentos 
os testes foram realizados antes e após a sessão de treinamento. 
Sujeito PA repouso PA 1 PA 2 PA final 
1 100/75 100/70 90/60 95/60 
2 90/60 110/80 120/80 135/85 
3 110/75 135/80 140/80 180/100 
4 120/60 100/60 100/60 100/60 
5 110/70 110/75 105/70 110/75 
Sujeito PA repouso PA 1 PA 2 PA final 
1 90/55 90/60 100/60 95/60 
2 107/65 120/65 130/70 175/90 
3 100/60 110/65 130/70 150/80 
4 110/60 120/60 120/65 110/65 
5 120/65 110/65 120/70 120/70 
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  Para a realização do teste os pacientes foram posicionados em uma cadeira 
alta com 60⁰ de flexão de tronco, esta postura foi escolhida devido aos resultados 
obtidos no estudo 1 (figura 3). Durante os testes foi utilizado o DTP (mesmo 
equipamento utilizado no estudo 1), sendo que o eletrogoniometro foi posicionado 
em uma das pernas do paciente para mensurar as oscilações da perna e os ângulos 
do joelho. As medidas foram realizadas por cinco vezes para realização da média e 
desvio padrão em ambas as pernas. 
 
Figura 3: Postura para realização do teste pendular. 
 Após a avaliação inicial, os pacientes realizavam os protocolos de 
treinamento. Durante os protocolos todos os participantes tiveram os músculos 
quadríceps femuris e o nervo fibular estimulados por um estimulados de quatro 
canais com frequência de 25Hz, onda monofásica bipolar com duração de 300µseg, 
intensidade máxima de 150 V e carga de 1kΩ (figura 4). 
 
Figura 4: Estimulador de 4 canais. 
 28 
 
 No grupo de exercício, os pacientes realizaram 20 minutos de estimulação de 
quadríceps femuris treinando a extensão de joelhos e 15 minutos de estimulação do 
nervo fibular. 
 O grupo de marcha em esteira foi composto somente por indivíduos com 
tetraplegia que realizavam treinamento de marcha em esteira co EENM e suporte 
parcial de peso (40% de redução do peso corporal) em uma velocidade de 1.2km/h 
por 20 minutos. Neste protocolo fisioterapeutas ajudavam no posicionamento dos 
membros inferiores durante a marcha. 
 Por último, o grupo de marcha em andador foi composto somente por sujeitos 
com paraplegia que realizavam marcha em andador utilizando AFO bilateral com 
EENM por no máximo 30 minutos, pois os pacientes sentavam para descansar 
sempre que necessário. 
 Os treinamentos foram realizados apenas uma vez por semana e após seis 
meses, seis pacientes foram excluídos da segunda avaliação, pois abandonaram o 
protocolo de treinamento. 
 Os parâmetros analisados através do teste pendular foram similares ao do 
estudo 1: Fang, primeiro ângulo de extensão do joelho (Eang), Restang, RI e RIn. 
 Para análise dos dados foi utilizado o teste t. Os parâmetros foram 
comparados antes e após o treinamento na avaliação inicial e após seis meses nos 
três grupos. Além disso, foram comparadas as duas avaliações antes do treinamento 
(inicialX6meses) e após o treinamento (inicialX6meses). 
 A ANOVA foi utilizada para comparação entre grupos. Se uma diferença fosse 
detectada o teste Tukey era utilizado para analisar onde estava a diferença. 
 O intervalo de confiança também foi calculado. 
 Na figura 5 podem ser observadas curvas características resultantes de um 
paciente antes e após o treinamento. O paciente demonstrado realizou marcha em 
esteira como treinamento. 
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Figura 5: Resultados do teste pendular antes e após treinamento. 
3.3 Estudo 3 
 No estudo 3 foram selecionados 39 sujeitos do sexo masculino com LM há 
mais de dois anos. Todos os indivíduos foram selecionados do Ambulatório de 
Reabilitação Raquimedular do Hospital de Clinicas da UNICAMP. 
 Inicialmente os pacientes foram avaliados pela AIS e então divididos em 
quatro grupos de acordo com o nível de lesão (paraplegia ou tetraplegia) e prática 
ou não de atividade física, sendo considerados ativos os que praticavam atividade 
física e inativos os que não praticavam. 
 Os exercícios praticados pelos pacientes foram variados, entre eles: rugby, 
basquete, natação, boxe, jiu-jitsu, badmington, esgrima e vôlei. 
 Após a divisão dos grupos, todos os pcientes foram pesados na mesma 
balança. Inicialmente era pesado o paciente com a cadeira de rodas e depois só a 
cadeira de rodas, então era subtraído o peso da cadeira de rodas do peso total 
(paciente + cadeira de rodas). A altura foi mensurada com o paciente em decúbito 
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dorsal utilizando uma fita métrica. Essas medidas foram realizadas no mesmo dia do 
teste e com os valores foi calculado o IMC. 
 Posteriormente, os indivíduos realizavam o exame da bioimpedância 
(Biodynamics® 310e – figura 6). O exame de bioimpedância foi escolhido por ser um 
método fácil, rápido, prático e barato para mensurar a composição corporal. Além 
disso, os resultados saem imediatamente após o teste. Entretanto, para realização 
do teste é necessário um preparo rígido que foi solicitado a todos os pacientes: jejum 
de no mínimo 4 horas, não consumir bebidas alcoolicas 24 horas antes do teste, não 
consumir alimentos com cafeína e não praticar atividades físicas 12 horas antes do 
teste, beber no mínimo 8 copos de água nas 12 horas que precedem o teste e 
esvaziar a bexiga antes da realização da bioimpedância. 
Todas as medidas foram realizadas pelo mesmo examinador. 
 
 
Figura 6: Aparelho Biodynamics® 310e. 
 Para realização da bioimpedância, os indivíduos foram posicionados em uma 
maca em decúbito dorsal em uma posição confortável por cerca de cinco minutos 
antes do inicio do teste. 
 Foram então posicionados quatro eletrodos no lado direito do sujeito na base 
do III metacarpo e entre o processo estiloide do radio e da ulna, na base do III 
metatarso e entre os maléolos lateral e medial. A pele foi limpa com álcool antes dos 
eletrodos serem fixados. 
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 Os eletrodos foram conectados por cabos ao monitos. Durante o teste o 
equipamento emitia uma corrente de baixa frequência (80µA- 50kHz) que percorria 
todo o corpo medindo a resistência imposta pelos tecidos. 
 As variáveis analisadas foram IMC, percentual de gordura, massa gorda, 
massa magra, percentual de água corporal. Para análise dos dados foi utilizado o 
teste Mann-Whitney. 
3.4 Estudo 4 
 No estudo 4 foi realizada a correlação entre o percentual de gordura e a 
espasticidade. 
 Para isso, foram utilizados os 28 individuos do estudo 2, todos do sexo 
masculino com LM crônica. Os sujeitos realizaram o teste pendular e a 
bioimpedância. 
 Para a correlação dos dados foram utilizadas as variáveis de percentual de 
gordura, RI e RIn. A análise dos dados foi feita através do coeficiente de correlação 
deSpearmann.II
                                                          
II As referências da Metodologia se encontram no capítulo Referências página 75. 
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RESULTADOS 
Artigo 1 (Estudo 1) 
Posture influence on the pendulum test of spasticity in patients with spinal 
cord injury (artigo aceito para publicação na Artificial Organs DOI: 
10.1111/aor.12500) 
Abstract 
Objective: To investigate the influence of different postures on spasticity results by 
pendulum test in patients with spinal cord injury (SCI). 
Setting: University of Campinas (UNICAMP), Campinas, SP, Brazil. 
Participants: Five individuals with SCI and five individuals in the control group. 
Interventions: All individuals went through the pendulum test in three different 
positions: supine, semi-supine at an angle of 30⁰ and sitting up at an angle of 60⁰. 
Electrogoniometer was attached to the right leg for measurement of knee joint 
angles. All situations were performed five times. Blood pressure was monitored 
during tests. 
Outcome measures: Relaxation index (RI), normalized relaxation index (RIn), test 
duration in seconds, initial flexion angle (Fang) and resting angle (Rest ang) were 
analyzed at three different positions. 
Results: Results were compared between different positions and statistically, no 
differences were found. In individuals with SCI, RI (1.83±0.2), RIn (1.14±0.13) and 
test duration values (13.95±4.14), in sitting up position, were similar to the control 
group results. 
Conclusion: In sitting up position patients showed spasticity reduction. However, the 
other two postures produce pain and increase blood pressure in patients with 
tetraplegia. Therefore, these postures should be avoided in patients with lesions 
above T6, due to possible autonomic disreflexia symptoms.  
Keywords: pendulum test, spasticity, spinal cord injury, posture 
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Introduction 
The incidence of spinal cord injury (SCI) varies between 20 and 50 cases per 
million inhabitants per year, depending on location1. 
Spinal cord injury brings several complications generated by the injury itself, 
such as spasticity, that is present in about 70% of cases2,3,4. 
Spasticity is a motor disorder that occurs due to upper motor neuron lesion 
and is characterized by a velocity-dependent increase in tonic stretch reflex with 
exaggerated tendon jerks, resulting from hyperexcitability of the stretch reflex.  The 
increased muscle tone impacts the quality of life of patients. It contributes to the 
development of contractures, pain, postural abnormalities and pressure ulcers2,5. 
Krawetz and Nance6 conducted a study with individuals with incomplete SCI and 
concluded that spasticity is a significant factor that affects motor performance. 
Spasticity is easy to detect, but it is difficult to characterize and to quantify it. 
Besides that, no spasticity assessment is fully standardized. A clinical tool used is the 
Modified Ashworth Scale, but this is a subjective assessment6. 
Another kind of assessment that measures spasticity, but in a more objective 
way to do it is the pendulum test, created by Wartenberg in 1951. In this test the 
patient is positioned with the lower limb hanging freely from the knee. Then, the 
examiner lifts the leg to the horizontal position with knee in extension and then 
realeases it to swing under the action of gravity.  A new version of the test has been 
used through an electrogoniometer in order to capture variations in the degrees of 
range of motion and oscillations of the knee7. 
Objective measurement is important to indicate and better assess spasticity 
treatment. 
The pendulum test has been used to assess spasticity in many pathologies 
such as stroke8, cerebral palsy9, multiple sclerosis10 and also in patients with 
SCI6,11,12. 
However the pendulum test only evaluates the quadriceps femoris muscles 
and in the literature there is no standardized position to testing. And as spasticity is 
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muscle length dependent, the results may be influenced by posture, particularly by 
rectus femoris which is a bi-articular muscle. 
Therefore it becomes rather important to investigate the influence of different 
postures on quadriceps femoris spasticity results by pendulum test in patients with 
SCI. 
Materials and Methods 
Five male subjects with complete SCI (AIS A), three with tetraplegia (C4 
neurological level) and two with paraplegia (T3 and T4) with lesions over one year 
long were selected. Also, five able-bodied male individuals were selected as control 
group. The study was approved by the local Ethics Committee. 
Patients with alterations that would cause an increase in spasticity as pressure 
ulcers, infections (i.e. urinary) or those with a sudden and excessive increase of 
spasticity in assessment days were excluded. 
All subjects were evaluated by the pendulum test in three different postures: 
supine, supine with the trunk at an angle of 30⁰ of flexion and sitting up with the trunk 
at an angle of 60⁰ of flexion. In all positions the leg bent over the edge hanging freely 
from the knee. 
During the tests, an electrogoniometer with a flexible fiber optics (Model: 
Shape S700 Joint Angle Shape Sensor, Measurand Inc., Fredericton, NB, Canada) 
was fixed in the right leg of patients to measure the oscillations of the leg and knee 
angles (Figure 1a).  
 35 
 
 
Figure 1: a) Electrogoniometer Shape S700 Joint Angle Shape Sensor, b) Sensor 
position. 
Patients were placed and stayed in position for about 3 minutes before the 
start of the test, until the equipment was placed. 
The pendulum test in three positions was conducted on different days at the 
same hour. The quadriceps muscles are assessed in the pendulum test and they are 
composed by the vastus lateralis, vastus medialis, vastus intermedius, and rectus 
femoris, which is the only bi-articular muscle of them. All the measurements were 
repeated five times. Parameters analyzed on the pendulum test were: first knee 
flexion angle (Fang), resting angle or final angle (Restang) and test duration in 
seconds, the latter decreasing with the increase in spasticity of the knee extensors. 
Also frequently used ratios for pendulum test were calculated: relaxation index (RI), 
calculated by the ratio between the first drop (Fang) and the Restang and normalized 
relaxation index (RIn)6,8,9,10,12 (Figure 2). Badjd and Vodovnik12 found that in able-
bodied subjects RI was 1.6 or more, therefore normalized RIn was proposed RI/1.6. 
Therefore, RIn higher than 1 would mean non-spasticity. 
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Figure 2: Parameters analyzed on pendulum test: first knee flexion angle (Fang), 
resting angle(Restang), test duration, relaxation index (RI) and normalized relaxation 
index (RIn). 
Blood pressure were monitored initially with the patient sitting in the 
wheelchair, before starting the test, in the test position, during and at the end of test. 
Statistical Analysis 
 Exploratory data analysis was performed through descriptive statistical 
measures. For comparison of test results between patients postures ANOVA for 
repeated measures was used. The variables were transformed into ranks due to the 
absence of normal distribution with a significant level of 5% or p≤0.05. 
Results 
Anthropometric data of individuals with SCI (age, body mass index - BMI, 
injury level and time of injury) is shown on table 1.  
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Table 1: Anthropometric data 
Patients 
 
 
1 
Age 
(yers) 
 
45 
BMI 
 
 
26.26 
Injury 
level 
 
C4 
Time of 
injury 
(years) 
 
17 
2 
3 
37 28.73 C4 20 
29 23.59 C4 7 
4 27 24.57 T3 7 
5 
Mean±sd 
34 
34.4±7.13 
22.05 
25.04±2.57 
T4 
------- 
15 
13.2±5.93 
        BMI: body mass index         
Individuals in the control group presented a mean age of 32±3.56 years old 
and BMI of 23.83±2.69. 
All parameters were analyzed in three different postures and are shown in 
table 2 and for the control group they are shown on table 3. 
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Table 2: Pendulum test results in individuals with SCI. 
Postures       
mean ± sd   
Variables          
Supine 
(0°) 
Semi-supine 
(30°) 
Sitting up 
(60°) 
p value 
RI 1.23±0.53 1.24±0.18 1.83±0.2 0.056 
RIn 0.77±0.33 0.78±0.11 1.14±0.13 0.056 
Test duration 
(seconds) 
6.97±1.55 8.88±2.89 13.95±4.14 0.062 
Fang (°) 72.85±32.7 79.99±17.2 95.96±13 0.224 
Restang (°) 58.34±14.77 63.78±5.3 53.34±12.32 0.302 
  RI: relaxation index; RIn: normalized relaxation index; Fang: first knee flexion angle; Restang:     
resting angle 
Table 3: Pendulum test results for control group. 
Postures       
mean ± sd   
Variables          
Supine 
(0°) 
Semi-supine 
(30°) 
Sitting up 
(60°) 
RI 1.64±0.04 1.61±0.07 1.595±0.02 
RIn 1.02±0.02 1±0.04 0.997±0.01 
Test duration 
(seconds) 
11.3±0.84 12.21±1.21 13.45±2.17 
Fang (°) 124.12±7.58 126.54±5.38 125.48±4.49 
Restang (°) 76.05±3.09 78.89±4.5 78.79±3.71 
RI: relaxation index; RIn: normalized relaxation index; Fang: first knee flexion angle; Restang: resting 
angle 
When results were compared between control group postures, no diferences 
were observed and values in all postures were very similar. Also, RI and RIn results 
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in all postures for the three groups were similar to those obtained by Badjd and 
Vodovnik12 (RI=1.6 or more and RIn≥1). 
Patient results were also compared between postures and no significant 
statistical diferences were observed. Despite that, when results were compared 
between groups, it can be noted that RI (1.83±0.2), RIn (1.14±0.13) and test duration 
(13.95±4.14) values for patients in sitting up position were similar to those of the 
control group. However, Fang and Restang patient results (95.96±13 and 
53.34±12.32, respectively) in such position can not be considered normal or without 
spasticity. 
Discussion 
The pendulum test is an objective measurement, easy to apply and can be 
done rapidly, due to a new software that allows fast and immediate data analysis13.  
This study is the first to investigate different postures found in the literature for 
the pendulum test assessment in individuals with SCI. However, no statistical 
differences were found between supine, semi-supine and sitting up postures in 
patients with SCI. 
Besides the lack of statistically different results between postures, patients in 
sitting up at an angle of 60° showed results similar to control group individuals: a 
higher RI (higher than 1.6), higher RIn (higher than 1) and higher test duration were 
observed, meaning that in this position patients showed less spasticity due to higher 
relaxation of quadriceps femoris muscles. Brown et al14 used the pendulum test with 
two groups. One with healthy young adults tested in three positions (supine, semi-
supine with the back supported at an angle of 30° and sitting up) and other group 
with elderly subjects. These subjects were divided into three groups and each group 
was tested in a different position. Based on the results they concluded that position 
itself contributes very little and does not have an important influence on 
measurements. Such conclusion agrees with non pathological subjects. In the 
present study, control group individuals results did not differ between the three 
postures. 
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Fleuren et al15 conducted a study with poststroke subjects evaluating the 
influence of the sitting and supine posture results in spasticity and found statistical 
differences between postures: in the supine position the RI of the affected leg 
represented spasticity; in the sitting position a RI of the affected leg was found similar 
to the non affected leg being it, therefore, normal or without spasticity. 
In the different postures, changes in quadriceps femoris stretch occurred due 
to trunk position. In supine positions the rectus femoris muscle is more stretched, 
which generates a higher muscular stretching and consequently, increased spasticity. 
However, in sitting up at an angle of 60° rectus femoris was less stretched and more 
relaxed, thus causing less spasticity. 
Futhermore, clinically, most patients complained about pain or discomfort in 
supine and semi-supine postures and because of this discomfort, that may have 
caused pain stimuli, two patients with tetraplegia presented increased blood pressure 
(i.e. 180/100 and 175/90) on these postures, which may reflect autonomic 
dysreflexia. That might have occured because all the participant patients have 
injuries above T6.  Therefore, these positions should be avoided for performing the 
pendulum test in individuals with high SCI. 
Claydron and Krassioukov16 evaluated the blood pressure and heart rate in the 
sitting and supine positions of individuals with tetraplegia and paraplegia and found a 
lower blood pressure in patients with tetraplegia, but found no differences between 
the postures. However, in such study patients were in a comfortable supine position, 
unlike the present study, where patients were positioned supine with the legs bent 
over the edge, hanging freely from the knee, hardly a comfortable position and which 
can cause pain stimuli to the patients. 
Study Limitations 
 There are some limitations in this study: (1) the pendulum test only assesses 
quadríceps femoris spasticity, (2) the low number of patients, since only five patients 
were studied and this might have contributed for the no signifficant statistical 
diferences, (3) only patients with high SCI (above T4) participated and it should be 
interesting to study subjects with low paraplegia. 
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Conclusion 
During the sitting position patients showed spasticity reduction and an 
increase in quadriceps femoris relaxation, similar to control group individuals. 
However, supine and semi-supine postures produce symptoms of autonomic 
dysreflexia (i.e. pain and increase blood preasure) in patients with high thoracic and 
cervical lesions and therefore should be avoided in patients with lesions above T6, 
towards protocols used in rehabilitation centres. 
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Artigo 2 (Estudo 2) 
Neuromuscular electrical stimulation on spasticity of individuals with spinal 
cord injury (artigo submetido e em revisão) 
Abstract 
Objective: To evaluate the short and long term effects of different neuromuscular 
electrical stimulation (NMES) therapeutic protocols on spasticity improvements in 
patients with spinal cord injury (SCI). 
Method: 28 men with SCI were divided into 3 groups according to NMES protocols - 
Exercise (EG), Treadmill Gait (TG) and Walker Aided Gait (WG) respectively. The 
individuals were recruited from the Biomechanics and Rehabilitation Laboratory at 
the University Hospital and underwent a pendulum test evaluation before and after 6 
months. The evaluation was done before and after therapy sessions. During tests an 
electrogoniometer was placed on a leg of patients in order to measure oscillations of 
leg and knee angles. Measurements were performed 5 times in both legs.  The 
parameters analyzed in this test were first knee flexion angle (Fang), resting angle 
(Restang) first knee extension angle (Eang), relaxation index (RI) and normalized RI 
(RIn). 
Results: The initial evaluation for the right leg, before and after therapeutic treatment 
indicated differences in the EG and WG groups for Fang (p=0.023, p=0.027) and 
Eang (p=0.008, p=0.035) and in the TG for Fang (p=0.025). After 6 months Fang 
(p=0.034) was different in the WG group. With respect to the initial evaluation for the 
left leg, in the WG there were differences in Restang (p=0.028) and in the TG there 
were differences in Fang (p=0.008) and Restang (p=0.006). After 6 months there 
were differences in RI (p=0.04), RIn (p=0.039) and Eang (p=0.019) in the WG and 
differences in RI and RIn (p=0.038) in the TG. 
Conclusion: NMES therapies can be effective in reducing spasticity in individuals 
with SCI in the short term. 
Keywords: spinal cord injury, spasticity, pendulum test, neuromuscular electrical 
stimulation. 
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Introduction 
Spinal cord injury (SCI) can lead to additional health problems in patients, 
such as osteoporosis, cardiovascular defects, recurrent urinary infections, muscular 
atrophy and spasticity1, 2, 3, 4.  
Spasticity is a motor disorder associated with upper motor neuron lesion 
(UMN) which is characterized by a velocity dependent increase in tonic stretch 
reflexes and additionally exaggerated tendon jerks which result from the hyper-
excitability of the stretch reflex5.  Spasticity is observed in 65 to 78% of traumatic SCI 
patients and frequently has considerable negative impact on daily activities6. 
In such cases, spasticity is easy to detect but more difficult to quantify. There 
are several subjective measurements available for quantifying spasticity in SCI 
patients. These include the Penn Spasm Frequency Scale, the Spinal Cord 
Assessment Tool for Spastic Reflexes, the Ashworth Scale and Modified Ashworth 
Scale – the latter being the most commonly used6. 
A more objective test for measuring spasticity is the pendulum test which was 
introduced by Wartenberg in 1951. The test was subsequently modified with the use 
of an electrogoniometer which detects variations in the range of motions and 
oscillations of the knee. The test has proved useful in assessing patients with 
spasticity7, 8. 
More recently, custom built equipment, for the pendulum test has been 
produced. It consists of an electrogoniometer with associated software which permits 
data processing and results visualization9. 
There are several treatments for reducing spasticity. These include physical 
therapy – passive movement, stretching, positioning, neuromuscular electrical 
stimulation (NMES) and pharmacological treatments which include the use of oral 
medications such as baclofen, the botulinum neurotoxin type A and intrathecal 
baclofen5. 
NMES treatments have also been used to minimize spasticity and other 
associated complications2,3,10. 
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Different NMES techniques have been used ranging from 12 channel 
stimulation down to 4 channel. Four channel stimulation is considered the minimum 
necessary for generating gait after a complete SCI. NMES is normally applied to 
quadriceps femoris muscles to promote knee extensions and to the fibular nerve 
which generates the flexion withdrawal reflex. 
SCI paralyzed muscles consist mainly of rapidly atrophied fibers which, when 
electrically activated produce less force and quickly become fatigued. It is therefore 
necessary to condition atrophied muscles before the start of gait training11. 
Therefore, it is important, in patients with SCI, to quantitatively evaluate the 
short and long term effects of NMES with respect to spasticity improvement. 
Methods 
 Twenty-eight men with SCI (all in excess of one year post lesion) were 
selected from the Biomechanics and Rehabilitation Laboratory of University Hospital.  
Women, individuals with less than one year of injury and patients with urinary 
infections or any other orthopedic or cardiovascular dysfunction were excluded from 
the trial.   
All the patients were assessed using the AIS (ASIA Impairment Scale) and 
were divided into three groups in line with NMES protocols: Exercise Group (EG, 
n=11), Treadmill Group (TG, n=7), and the Walker Aided Gait Group (WG, n=10). In 
table 1 the anthropometric data of all groups can be observed (age, body mass index 
–BMI, neurological level and medication). 
All individuals were subjected to pendulum test evaluation before therapy was 
started and after six months of therapy. In both instances evaluations were carried 
out before and after the therapy sessions.  
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Table 1: Anthropometric data. 
Group Subjects Age BMI Neurological 
level 
Baclofen 
10mg/day 
 1 31 22.34 C3A 8 
 2 37 28.35 C4A 1 
 3 42 27.12 T3A - 
 4 42 26.12 C4A 2 
EG 5 24 22.4 C6A 8 
 6 49 22.59 C5A - 
 7 27 33.07 T3A - 
 8 43 27.54 T4A - 
 9 30 26.16 C5B 3 
 10 42 21.85 C4A 3 
 11 30 22.43 T4A - 
 Mean ± SD 36.09±6.8 25.45±3.52   
 1 27 20.78 C5B - 
 2 29 24.66 C4A - 
 3 25 16.12 C5C 1 
TG 4 34 21.65 C7A - 
 5 40 22.76 C4A 1 
 6 45 23.59 C4B - 
 7 39 22.59 C4B - 
 Mean ± SD 34.14±7.49 21.73±2.77 - - 
 1 28 26.46 T8A - 
 2 38 30.85 T6A 1 
 3 60 22.39 T8A - 
 4 32 21.27 T9A - 
WG 5 40 37.24 T5B - 
 6 34 23.38 T4A - 
 7 47 20.7 T4A - 
 8 26 26.01 T3A - 
 9 26 20.27 T7A - 
 10 44 20.02 T3B - 
 Mean ± SD 37.4±10.89 24.86±5.54 - - 
Abbreviations: BMI=body mass index, EG=exercise group, WG=walker aided gait group, 
TG=treadmill gait group, SD=standard deviation. 
 
Patients were positioned on a chair with a trunk flexion angle of 60 degrees 
(figure 1b). During the tests, a flexible fiber optic electrogoniometer (Model – Shape 
S700 Joint Angle Shape Sensor, Measurand Inc, Fredericton, NB, Canada) was 
placed on the patients leg in order to measure leg oscillations and knee angles. 
(figure 1a). Measurements were performed five times on each leg. 
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Figure 1: a) Electrogoniometer Shape S700 Joint Angle Shape Sensor b) Patient 
position. 
During therapy, all participants had their quadriceps femoris and fibular nerve 
stimulated by a four channel electrical stimulator using 25Hz monophasic pulses with 
a duration of 300µs and a maximum intensity of 150V and 1KΩ load.  
In the EG group each patient received 20 minutes of knee extension training 
using quadriceps femoris stimulation and 15 minutes using fibular nerve stimulation.     
In the TG group individuals with tetraplegia underwent treadmill gait therapy 
utilizing NMES and with body weight support (equivalent to 40% of body weight 
reduction) at a speed of 1.2km/h for 20 minutes. Physiotherapists helped move the 
legs through the gait cycle. 
In the WG group individuals with paraplegia underwent gait exercises using a 
walker aid, bilateral ankle-foot orthoses (AFO) combined with NMES for 30 minutes 
maximum plus sitting to rest when necessary.  
All individuals performed the therapeutic protocols once a week for six months. 
After six months, six patients at the second assessment stage were excluded from 
the study because they had abandoned the therapy routine. (EG n=10, TG n=4, WG 
n=8)  
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All measurements were carried out five times on both legs, before and after 
therapy initially and before and after therapy at the end of six months.  
 Data analysis was conducted using the t-test. The parameters were compared 
for the different sets of measurements for each individual.  Additionally, before 
therapy at the start and before therapy after six months parameters and after therapy 
at the start and after six months were compared. Considering p≤0.05 as statistically 
significant. 
ANOVA was used for comparisons between groups and when a significant 
difference was detected a Tukey test was utilized to analyze the difference. The 
confidence interval (CI = 95%) was also calculated. 
The parameters analyzed using the pendulum test were – first knee flexion 
angle (Fang), the resting angle or final angle (Restang), first knee extension angle 
(Eang) the relaxation index (RI) – calculated as the ratio between the first drop of the 
leg (Fang) and Restang and the normalized relaxation index calculated as the RI 
divided by 1.6 (figure 2). Badj and Vodovnik (1984) found that in able-bodied 
individuals RI was 1.6 or more, therefore an RIn higher than 1 indicates a non-spastic 
limb and an RIn lower than 1 indicates spasticity in varying degrees. 
The ambient temperature and relative humidity were also monitored during the 
tests.  
 
Figure 2: Parameters analyzed on pendulum test. 
Results 
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The EG group consisted of 11 volunteers, a T3A individual abandoned the 
study and did not attend the second assessment. 
The WG group consisted of 10 patients with paraplegia and two of those did 
not attend the second assessment (T8A and T3A) 
The TG group consisted of 7 individuals with tetraplegia.  Three individuals did 
not participate in the second evaluation (2-C4B and 1-C5B) 
There were no significant differences between the groups in terms of 
anthropometric data. 
Table 2 shows the results for the EG group in both legs and at initial and after 
6 months assessments. This group showed differences in Fang (p=0.023) and Eang 
(p-0.008) for the initial evaluation of the right leg. 
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Table 2: Pendulum test results for EG group. 
 
Variables 
Right leg Left leg 
Initial  
(n=11) 
After 6months  
(n=10) 
Initial  
(n=11) 
After 6 months 
(n=10) 
Before After Before After Before After Before After 
          Mean 1.68 1.77 1.65 1.7 1.64 1.7 1.66 1.76 
RI SD 0.36 0.39 0.29 0.33 0.48 0.51 0.19 0.28 
 CI 1.44 
1.92 
1.51 
2.03 
1.44 
1.86 
1.46 
1.94 
1.32 
1.96 
1.55 
1.93 
1.52 
1.8 
1.55 
1.96 
 Mean 1.05 1.11 1.03 1.06 1.02 1.06 1.04 1.1 
RIn SD 0.22 0.25 0.18 0.21 0.3 0.32 0.12 0.18 
 CI 0.9  
1.2 
0.94 
1.27 
0.9  
1.16 
0.91 
1.21 
0.82 
1.22 
0.85 
1.28 
0.95 
1.12 
0.97 
1.22 
 Mean 106.89 114.2* 97.21 101.92 101.15 102.87 106.8 108.79 
Fag SD 23.53 26.95 17.98 11.97 32.25 33.44 12.28 12.41 
 CI 91.08 
122.7 
96.1 
132.31 
84.34 
110.07 
93.35 
110.48 
79.49 
122.81 
80.4 
125.33 
98.02 
115.59 
99.91 
117.67 
 Mean 43.28 33.78* 30.67 28.73 29.07 24.53 36.47 35.29 
Eang SD 13.65 13.47 10.07 7.86 16.07 10 14.22 8.02 
 CI 34.11 
52.45 
24.73 
42.82 
23.46 
37.87 
23.1 
34.35 
18.21 
39.94 
17.82 
31.25 
26.3  
46.64 
29.55 
41.03 
 Mean 66.6 67.5 59.32 61.81 60.45 59.3 61.82 66.77 
Rest 
ang 
SD 30.47 21.01 9.86 12.13 13.86 13.43 8.59 11.43 
 CI 52.84 
80.35 
53.39 
81.62 
52.27 
66.37 
53.13 
70.49 
51.14 
69.76 
50.25 
68.35 
55.67 
67.96 
58.59 
74.94 
Abbreviations: RI=relaxation index, RIn=normalized relaxation index, Fang=first knee flexion 
angle, Eang=first knee extension angle, Restang= resting angle, SD=standad deviation, 
CI=confidence interval. *statistically different between before and after therapy session. 
Table 3 shows the results for WG group in both legs and at initial and after 6 
months assessments. This group produced significantly different results before and 
after therapy for Fang (p=0.027) and Eang (p=0.035) for initial evaluation of the right 
leg. After 6 months, also for the right leg, only Fang (p=0.034) was significantly 
different before and after the therapy. For the left leg, Restang was significantly 
different in the initial evaluation (p=0.028) and after 6 months, RI (p=0.04), RIn 
(p=0.039) and Eang (p=o.019) were significantly different before and after therapy. 
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Table 3: Pendulum test results for WG group. 
 
Varaibles 
Right leg Left leg 
Initial  
(n=10) 
After 6months  
(n=8) 
Initial  
(n=10) 
After 6 months 
(n=8) 
Before After Before After Before After Before After 
          Mean 1.52 1.61 1.58 1.71 1.74 1.85 1.55 1.78* 
RI SD 0.4 0.3 0.22 0.29 0.27 0.22 0.26 0.29 
 CI 1.231.
8 
1.4 
1.82 
1.39 
1.76 
1.47 
1.95 
1.55 
1.93 
1.69   
2 
1.33 
1.77 
1.54 
2.02 
 Mean 0.95 1.01 0.98 1.07 1.09 1.15 0.97 1.11* 
RIn SD 0.25 0.19 0.14 0.18 0.17 0.13 0.17 0.18 
 CI 0.77 
1.13 
0.87 
1.14 
0.87  
1.1 
0.92 
1.22 
0.97 
1.21 
1.06 
1.25 
0.83 
1.11 
0.96 
1.27 
 Mean 93.91 107.26
* 
90.18 102.09
* 
106.45 131.45 102.44 114.32 
Fang SD 35.64 33.58 14.61 15.36 18.08 17.94 24.16 14.11 
 CI 68.42 
119.4 
83.24 
131.28 
77.96 
102.4 
89.25 
114.93 
100.52
126.38 
108.61
134.28 
82.25 
122.64 
102.52 
126.11 
 Mean 37.29 31.06* 34.44 26.18 25.86 23.41 35.16 27.65 
Eang SD 13.38 8.37 13.07 7.81 5.52 4.9 10.55 8.03 
 CI 27.72 
46.86 
25.08 
37.05 
23.52 
45.37 
49.65 
32.71 
21.91 
29.81 
19.9 
26.91 
26.34 
43.98 
20.93 
34.36 
 Mean 60.22 85.05 58.4 61.82 61.28 71.04* 67.49 65.83* 
Rest 
ang 
SD 16.9 15.16 12.65 15.17 4.64 12.44 16.82 13.33 
 CI 48.13 
72.31 
54.2 
75.9 
47.83 
68.99 
49.13 
74.5 
57.97 
64.6 
62.14 
79.93 
53.43 
81.55 
54.68 
76.97 
Abbreviations: RI=relaxation index, RIn=normalized relaxation index, Fang=first knee flexion 
angle, Eang=first knee extension angle, Restang= resting angle, SD=standad deviation, 
CI=confidence interval. *statistically different between before and after therapy session. 
Table 4 shows the results for TG group in both legs and assessments. For the 
right leg, this group produced significantly different results for Fang (p=0.025) only in 
the initial evaluation. For the left leg, this group showed significant differences for 
Fang (p=0.008) and Restang (p=0.006) in the initial evaluation and for RI and RIn 
(p=0.038) after 6 months assessment. 
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Table 4: Pendulum test results for TG group. 
 
Variables 
Right leg Left leg 
Initial  
(n=7) 
After 6months  
(n=4) 
Initial  
(n=7) 
After 6 months 
(n=4) 
Before After Before After Before After Before After 
          Mean 1.4 1.76 1.39 1.6 1.36 1.61 1.27 1.87* 
RI SD 0.28 0.24 0.54 0.14 0.51 0.1 0.41 0.09 
 CI 1.14 
1.66 
1.54 
1.98 
0.53 
2.25 
1.37 
1.83 
0.89 
1.83 
1.51 
1.71 
0.62 
1.93 
1.72 
2.02 
 Mean 0.87 1.1 0.87 1 0.85 1.01 0.79 1.17 
RIn SD 0.18 0.15 0.34 0.09 0.32 0.06 0.26 0.06 
 CI 0.71 
1.04 
0.96 
1.24 
0.34  
1.4 
0.86 
1.14 
0.56 
1.14 
0.95 
1.06 
0.39 
1.2 
1.08 
1.26 
 Mean 89.98 118.52
* 
81.35 105.51 72.62 108.46
* 
80.16 110.48 
Fang SD 27.8 9.41 35.29 3.21 29.73 8.39 31.24 5.09 
 CI 64.27 
115.7 
109.82
127.22 
25.2 
137.5 
100.4 
110.61 
45.12 
100.11 
100.7 
116.22 
30.44 
129.87 
102.37 
118.58 
 Mean 46.44 39.2 29.91 31.3 40.14 35.65 48.72 41.02 
Eang SD 13.69 6.97 12.04 15.82 16.41 9.17 15.59 11.52 
 CI 33.79 
59.1 
32.76 
45.65 
10.76 
49.07 
6.13 
56.47 
29.97 
55.32 
22.17 
44.12 
23.91 
73.53 
22.68 
59.35 
 Mean 63.49 68.95 57.27 66.64 52.6 67.83* 61.3 59.67 
Rest 
ang 
SD 14.65 12.66 9.58 5.48 11.74 6.04 6.38 4.66 
 CI 49.94 
77.04 
57.24 
80.66 
42.03 
72.52 
57.91 
75.37 
41.74 
63.46 
62.24 
73.41 
51.15 
71.44 
52.25 
67.08 
Abbreviations: RI=relaxation index, RIn=normalized relaxation index, Fang=first knee flexion 
angle, Eang=first knee extension angle, Restang= resting angle, SD=standad deviation, 
CI=confidence interval. *statistically different between before and after therapy session. 
When the two before therapy test results (initial vs after six months) for the 
right leg were compared there were significant result differences for Fang (p=0.047), 
Restang (p=0.016) and Eang (p=0.037). The first two, Fang and Restang were better 
in the first evaluation and Eang was better in the second. In the TG group there were 
significant differences in Fang (p=0.049) and Restang (p=0.017), both producing 
better results in the first evaluation.  For just the left leg, the WG group produced 
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significant differences for RI (p=0.007), RIn (p=0.006) and Eang (p=0.009) – all 
parameters providing better results in the first evaluation. 
When the post therapy results for the right leg (initial vs after six months) were 
compared, the EG and TG groups showed significant result differences for 
Fang(p=0.029 and p=0.005 respectively). With respect to the left leg, the EG group 
produced significantly different results for RI (p=0.043), RIn (p=0.045) and Eang 
(p=0.011)- all results were better during the first assessment. The TG group results 
were significantly different for RI (p=0.001) and RIN (p=0.001), however, the best 
results were obtained after six months of therapy.  
In addition a comparison of different therapy protocol groups was also carried 
out and only produced a significant difference for the left leg. In the first assessment 
– before therapy – there was a significant difference between the WG and TG groups 
for Fang (p=0.015). After therapy differences were observed in Eang between the 
WG and TG group (p=0.016) and between the EG and TG group (p=0.028). After six 
months there were significant differences in RI and RIn between the EG and TG 
groups (p=0.035 for both). 
Discussion 
Spasticity can be beneficial for some SCI individuals with regards the 
execution of daily activities. However it can also lead to problems such as 
deformities, sleep disturbance, pain, low self-esteem and other difficulties11. 
The pendulum test proved to be a simple method to use. It was objective and 
viable with respect to quantifying spasticity in individuals with SCI. 
In this study the three groups all showed improvements in spasticity in both 
legs after treatment with NMES – improvement was observed in both the first and 
second analyses. The differences before and after therapy were not always 
significant. The values of RI and RIn, for example, increased in both legs for all the 
groups and in spite of the fact that the results were not always significantly different 
the values obtained after therapy indicated without spasticity according to Badj and 
Vodovnik8 (RI≥1.6 and RIn≥1).  
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The improvement in spasticity resulted from muscle fatigue or 
neuromodulation which occurs through the stimulation of agonist muscle directly to 
the quadriceps femoris and indirectly to the antagonist (hamstrings) through the 
fibular nerve with flexion withdrawal reflex. 
Granat et al (1993) analyzed spasticity in patients with incomplete SCI (AIS C 
and D), before and after gait training with NMES, using the pendulum test. Individuals 
also showed momentary improvements in spasticity as indicated through RI 
observations. 
In another study spasticity in individuals with SCI was analyzed during cycle 
training, with and without functional electrical stimulation (FES) and demonstrated 
that electric current is effective at reducing spasticity10. 
In the present study, long-term therapy was not very effective at reducing 
spasticity in SCI patients possibly due to the fact that training took place just once per 
week. In another study12, which compared gait training with partial body weight 
support (without NMES) with tilt table standing there were also no changes after 4 
weeks. Nevertheless, when a single session was analyzed (before and after therapy), 
gait training was more effective at reducing spasticity.  
When different therapeutic protocols were compared in this study there were 
no differences found in the ‘before therapy’ results between any of the groups. Most 
of the EG group patients were taking a large dosage of the anti-spastic drug 
(baclofen) and spasticity among them, was similar. 
However, after the first therapy session there was a significant difference in 
Eang in the TG group when compared to the other groups. After six months therapy 
there was also a difference in Eang between the EG and TG groups and a big 
decrease in spasticity was observed in the TG group. This may have been the result 
of the use of partial weight bearing (40% reduction) and the assistance given by 
physical therapist with regards the correct positioning of the lower limbs. 
Conclusion 
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NMES therapy and gait training with NMES can be effective therapies for 
reducing spasticity in patients with SCI in the short term. In the long term, however, 
these therapies were not shown to be effective. 
Study Limitations 
Therapy protocols were only carried out once a week. 
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Artigo 3 (Estudo 3) 
Body composition assessment by bioelectrical impedance analysis and body 
mass index in individuals with chronic spinal cord injury (artigo em submissão) 
Abstract 
Purpose: To assess body composition and obesity in individuals with spinal cord 
injury (SCI) who practice and do not practice physical activity using body mass index 
(BMI) and bioelectrical impedance analysis (BIA).  
Methods: 39 patients with SCI went through BIA evaluation. Also, BMI was 
assessed. Patients were divided in four groups according to injury level (paraplegia 
or tetraplegia) and physical activity achievement (active or inactive).  
Results: 22 individuals with paraplegia (7 active and 15 inactive) and 17 with 
tetraplegia (5 active and 12 inactive) were evaluated. BMI, fat percentage, fat mass, 
lean tissue mass, total body water (TBW) and TBW percentage were assessed in 
groups. Tetraplegic inactive groups showed higher fat percentage featuring obesity. 
For pareplegic active group mean fat percentage was 19.61% (±9.27) and mean fat 
mass was 16.66kg (±9.71) and for paraplegic inactive group fat percentage was 
23.27% (±5.94) and fat mass 18.59kg (±7.58). For tetraplegic groups in active group 
the fat percentage was 17.14% (±6.32) and fat mass was 11.22kg (±5.16) and for 
inactive group mean fat percentage was 33.68% (±4.74) and fat mass was 25.59kg 
(±2.91). When paraplegic and tetraplegic inactive groups were compared differences 
were observed in fat percentage (p=0.0003) and fat mass (p=0.0084). Also, when 
tetraplegic groups (activeXinactive) were compared diferences in percentage 
(p=0.0019) and fat mass (p=0.034) were observed. Only for the paraplegic inactive 
group BMI result was higher than 25kg/m². 
Conclusion: BMI does not discriminate obesity in individuals with SCI and physical 
activity can improve body composition and prevent obesity in SCI patients. 
Keywords: body composition; fat mass; body mass index; spinal cord injury; physical 
activity; bioelectrical impedance analysis. 
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Introduction 
Individuals with spinal cord injury (SCI) undergo body composition changes as 
a consequence of mobilty loss and muscular denervation. The changes include 
decreases in lean tissue mass and bone density and increases in fat mass¹. Body 
composition significantly deteriorates during the first six months after injury, lean 
tissue mass decreases about 9,5%². 
Also, due to fat mass increase, diseases like lipid abnormalities, insulin 
resistance, heart diseases and carbohydrate intolerance occur prematurely and with 
higher prevalence in SCI individuals2,3,4,5,6. Cardiovascular mortality rate is twice 
higher in SCI patients than in able-bodied population7. However, other studies show 
that physical activity for individuals with SCI can decrease such risk factors8,9. 
There are several methods to assess body composition and obesity. However, 
there are not specific methods for individuals with SCI. Studies demonstrate the use 
of dual X-ray absorptiometry (DXA), waist circumference, anthropometric index, 
bioelectrical impedance analys (BIA) and body mass index (BMI) in this 
population1,4,10. 
The World Health Organization (WHO) recommends use of BMI to indicate 
obesity for able-bodied population, with BMI≥25kg/m² for overweight and ≥30kg/m² 
for obesity4. However, this method does not measure fat directly and its use is 
questionable in persons with SCI. Nevertheless, it is still used because it is a simple 
method that only requires mass and height measurements4,5. 
The SCI population has a higher risk to develop chronicle diseases due to the 
lack of mobility and when this is combine with sedentary lifestyle it could contributes 
to obesity. Because of the lesion individuals with SCI can not be evaluated as the 
general population. So, it is importante to evatuate body composition of this 
population with reliable methods. 
BIA is a valid and practical method for assessing obesity and body 
composition using a low-intensity electric current (80µA – 50kHz) that goes through 
body resistances offered by tissues. A higher resistance is provided by fat mass. 
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However, this method requires a rigid preparation protocol for the exam and it is not 
specific for SCI population. 
Therefore, it becomes important to assess body composition and obesity in 
individuals with SCI (paraplegia and tetraplegia) who practice or do not practice 
physical activity and compare the use of BMI and BIA methods in different SCI 
groups. 
Methods 
Thirty-nine patients, all male, with SCI and lesions over two years old were 
recruited from the Biomechanics and Rehabilitation Laboratory at the University 
Hospital of UNICAMP. The work was approved by the local Ethics Committee. 
First, all patients were evaluated by AIS (American Spinal Cord Injury 
Association Impairment Scale) and then divided into four groups according to injury 
level (paraplegia or tetraplegia) and physical activity achievement (active those who 
performed physical activity or inactive those who did not engage in physical activity). 
For latter other activities, i.e. conventional rehabilitation, were not considered. 
All individuals went through BIA evaluation (Biodynamics® 310e). Before the 
test, subjects were instructed to fasting for at least four hours, not to consume alcohol 
for 24 hours, not to exercise and not consume caffeine for 12 hours before the test 
day. Also, subjects should drink at least eight glasses of water and were asked to 
empty their bladder before measurements were taken. 
All measurements were conducted by the same investigator. 
To perform the test, patients were supine in a comfortable position and stayed 
in this position for at least five minutes before the test bigins. Four gel electrodes 
were placed on right side in the III metacarpal base and between radius and ulna 
styloid processes and III metatarsal base and between medial and lateral malleoli of 
ankle. All sites were cleaned with an alcohol swab before attachment of electrodes. 
These electrodes were connected to the monitor via a sensor cable. Then the 
equipament emits a low-intensity electric (80µA – 50kHz)  current that goes through 
the body by measuring the resistence offered by body tissues. 
 61 
 
BMI was calculated by dividing the body mass (kg) by height (m²). 
Data analysis was performed using the Mann-Whitney test. Variables were 
BMI, fat percentage, fat mass, lean mass, total body water (TBW) percentage. The 
95% confidence intervals (CI) was indicated and a signifcant level was set at p≤0.05. 
Results 
Twenty-two individuals with paraplegia (7 active and 15 inactive) and 
seventeen individuals with tetraplegia (5 active and 12 inactive) participated to the 
study. 
Lesion level of paraplegic inactive group individuals ranged between T3 and 
T8. And out of 15 participants, 12 were classified as AIS A, 2 AIS B and 1 AIS C. 
Paraplegic active group individuals also presented T3 and T8 injury level, but all 7 
were classified as AIS A. 
In the tetraplegic inactive group lesion levels ranged between C3 and C6 and 
all 12 participants were classified as AIS A. Tetraplegic active group presented lesion 
level ranging from C4 to C7. Out of 5 participants, 1 was classified as AIS A, 3 AIS B 
and 1 AIS C. 
Table 1 shows anthropometric data (age, mass, height and BMI) of all groups, 
as it can be observed. No differences were observed between groups. 
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Table 1: Anthropometric data. 
            Variables 
Groups 
 Age (years) Mass (kg) Height (m) BMI (kg/m²) 
 Mean 32 80.81 1.81 24.77 
Paraplegic active SD 6.06 17.19 0.07 4.24 
 CI 26.4-37.6 64,91-96.71 1.74-1.86 20.85-28.69 
 Mean 37.73 77.43 1.74 25.58 
Paraplegic inactive SD 9.09 15.12 0.07 4.64 
 CI 32.7-42.77 69.06-85.81 1.7-1.78 23.01-28.16 
 Mean 34 63.4 1.74 20.95 
Tetraplegic active SD 8.31 9.61 0.03 2.89 
 CI 23.69-44.31 51.47-75.33 1.7-1.78 17.35-24.54 
 Mean 37.25  76.98 1.78 24.11 
Tetraplegic inactive SD 9.94 10.46 0.05 2.82 
 CI 30.94-43.56 70.33-83.62 1.75-1.82 22.32-25.89 
Abbreviations: SD, standard deviation; CI, confidence intervals; BMI, body mass index 
 
In figure 1, the difference between groups in fat percentage and BMI can be 
observed. For able-bodied persons, fat percentage for men should be ≤20% and 
BMI˂25kg/m². Paraplegic and tetraplegic inactive groups presented higher values of 
fat percentage (23.27%±5.94 [IC=19.98-26.56] and 33.68%±4.74 [IC=30.66-36.69], 
respectively). Paraplegic inactive group also presented higher BMI (25.58kg/m²±4.64 
[IC=23.01-28.16]). For tetraplegic inactive group BMI was 24.11kg/m²±2.82 (IC=22.32-
25.89). For paraplegic active group fat mass was 19.61%±9.27 (CI=11.04-28.19) and 
BMI was 24.77kg/m²±4.64 (CI=20.85-28.69). And for tetraplegic active group fat 
mass was 17.14%±6.32 (CI=9.29-24.99) and BMI was 20.95kg/m²±2.89 (CI=17.35-
24.54). 
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Figure 1: Fat mass percentage (a) and BMI (b) of all groups. When groups were 
compared diferences can be obsereved in fat mass for paraplegic inactive group X 
tetraplegic inactive group (p=0.003) and tetraplegic inactive group X tetraplegic active 
group (p=0.0019). 
 
In table 2, 3, 4 and 5 BIA results are shown and compared: fat mass (kg), lean 
tissue mass (kg) and TBW percentage in four groups. 
Table 2: BIA results comparing paraplegic groups (active X inactive). 
 
Variables 
Paraplegic  inactive 
   Mean ± SD                   CI 
Paraplegic active 
     Mean ± SD                  CI 
 
p value 
Fat mass (kg) 18.59 ±7.58 14.4-22.79 16.66 ±9.71 7.68-25.64 0.398 
Lean mass (kg) 58.84 ±8.99 53.86-63.82 64.17 ±10.76 54.22-74.13 0.307 
TBW (%) 72.15 ±3.16 70.4-73.9 71.11 ±2.17 69.11-73.12 0.549 
Abbreviations: SD, standard deviation; CI, confidence intervals; TBW, total body water 
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Table 3: BIA results comparing tetraplegic groups (active X inactive). 
 
Variables 
Tetraplegic  inactive 
   Mean ± SD                   CI 
Tetraplegic active 
     Mean ± SD                  CI 
 
p value 
Fat mass (kg) 25.59 ±2.91 23.74-27.44 11.22 ±5.16 4.82-17.62 0.0034 
Lean mass (kg) 51.37 ±9.65 45.23-57.5 52.18 ±6.58 44.02-60.34 0.792 
TBW (%) 73.08 ±4.62 70.15-76.02 71.24 ±1.2 69.75-72.73 0.916 
Abbreviations: SD, standard deviation; CI, confidence intervals; TBW, total body water 
 
Table 4: BIA results comparing paraplegic active group and tetraplegic active group. 
 
Variables 
Paraplegic  active 
   Mean ± SD                   CI 
Tetraplegic active 
     Mean ± SD                  CI 
 
p value 
Fat mass (kg) 16.66 ±9.71 7.68-25.64 11.22 ±5.16 4.82-17.62 0.464 
Lean mass (kg) 64.17±10.76 54.22-74.13 52.18 ±6.58 44.02-60.34 0.74 
TBW (%) 71.11 ±2.17 69.11-73.12 71.24 ±1.2 69.75-72.73 0.463 
Abbreviations: SD, standard deviation; CI, confidence intervals; TBW, total body water 
 
Table 5: BIA results comparing paraplegic inactive group and tetraplegic inactive 
group. 
 
Variables 
Paraplegic  inactive 
   Mean ± SD                   CI 
Tetraplegic inactive 
     Mean ± SD                  CI 
 
p value 
Fat mass (kg) 18.59 ±7.58 14.4-22.79 25.59 ±2.91 23.74-27.44 0.0084 
Lean mass (kg) 58.84 ±8.99 53.86-63.82 51.37 ±9.65 45.23-57.5 0.083 
TBW (%) 72.15 ±3.16 70.4-73.9 73.08 ±4.62 70.15-76.02 0.769 
Abbreviations: SD, standard deviation; CI, confidence intervals; TBW, total body water 
 
Discussion 
BIA has shown to be a reliable, feasible and practical method towards 
assessing obesity in persons with SCI, as also demonstraded in other studies4. 
Mojtahedi et al (2009) reported BIA as a reliable method when compared to others. 
Spungen et al (1995) also reported BIA as a reliable method because this technique 
is based on the specific electrical characteristics of biological tissue and should not 
be altered with SCI, therefore providing an accurate assessment of body 
composition. Moreover, BIA also measures TBW (total body water), that is an 
important component of lean tissue and with this result dehydration or edema can be 
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observed in patients. Individuals with SCI commonly present edema in lower limbs³. 
Normal TBW results are 69% to 75% of lean tissue, values that were found in all 
groups of this research. 
The major obesity cause among people with SCI is the decrease in lean tissue 
and bone mineral density and increase in fat mass, the transition from lean tissue to 
fat occurring. In this study, subjects who did not performed physical activities showed 
higher fat percentage, mostly in the tetraplegic group, was also observed in 
McDonald et al (2007) study, that used DXA to compare body composition in children 
and adolescents with SCI. 
Individuals that performed physical activity in both groups presented normal 
values of fat percentage, which implies that physical activity can reduce risk of 
obesity in persons with SCI. 
Individuals with tetraplegia showed higher differences in fat percentage and fat 
mass when comparing active versus inactive groups, probably due to the active 
group being composed mostly by incomplete patients, unlike an inactive group that 
was composed exclusively by complete patients. However, in a study done by 
Spungen et al (2003) no significant differences were found in fat percentage between 
complete and incomplete individuals with SCI. So, diferences may also have occured 
due to lack of mobility of the inactive group of patients, because individuals with 
tetraplegia are more dependent and move less, different from the individuals in the 
active group who performed physical activity. 
When individuals were compared by injury level (paraplegia X tetraplegia) a 
significant difference was shown between inactive groups. Patients with tetraplegia 
presented higher fat percentage than persons with paraplegia, which can also be 
explained by the lack of mobility of individuals with tetraplegia. Patients with 
paraplegia are more independent and use more their arms for daily living activities, 
such as pushing a wheelchair and making transfers, while individuals with tetraplegia 
do not place these exercise demand on their arms. However, no significant 
diferences were found when active groups were compared, showing that physical 
activity can definitely improve body composition. 
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Some studies have reported that BMI underestimates obesity in individuals 
with SCI1,4,5,10,11. This was also observed in the present study. Tetraplegic inactive 
group showed BMI˂25kg/m², that is considered normal, and fat percentage higher 
than 20%, featuring obesity. WHO reports that men with BMI≥30kg/m² exhibit fat 
percentage ≥25%. However, this was not observed in this research, as in Jones et al 
(2003) study, that compared DXA with BMI in men with SCI and scored normal BMI 
results with high fat percentages. Buchholz and Bugaresti (2005) also reported 
through a review of several methods to measure body composition in individuals with 
SCI that BMI is an inconsistent method to detect obesity in SCI patients when 
compared to fat percentage. Also, they found that BMI avarage of these patients was 
20 to 27kg/m², results that was observed in the present study. 
Finally, concercing SCI, individuals who do not perform physical activity, 
especially tetraplegics, due to lack of mobility, show increase risk of obesity with high 
fat percentage and fat mass. 
Conclusion 
In SCI population BMI does not adequately discriminate obesity, BIA beeing a 
more reliable physiological measurement. 
In addiction, individuals who do not perform physical activity showed higher fat 
percentages, thus demonstrating that physical activity can improve body composition 
and consequently obesity in individuals with SCI. 
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Resultados adicionais (Estudo 4) 
 Neste estudo foi realizada a correlação entre o percentual de gordura e o RI e 
RIn de indivíduos com LM. Entretanto, nenhuma correlação positiva ou negativa 
(p≤0.05) foi encontrada entre as variáveis (tabela 1). 
Tabela 1: Correlação entre percentual de gordura, RI e RIn. 
Perna  RI RIn 
 
Direita 
Percentual de 
Gordura 
0.0698 0.0698 
p-valor 0.724 0.724 
 
Esquerda 
Percentual de 
Gordura 
0.3498 0.3525 
p-valor 0.0681 0.0658 
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DISCUSSÃO GERAL 
Na presente pesquisa foram analisadas a espasticidade através do teste 
pendular e a composição corporal através da bioimpedância e do IMC de indivíduos 
com LM. 
Para a análise da espasticidade em indivíduos com LM o teste pendular 
demonstrou ser um método objetivo e de simples e fácil reprodução. E apesar deste 
teste só analisar os quadriceps femoris é um método importante para indicar e 
avaliar melhor a espasticidade dos membros inferiores, principalmente a 
funcionalidade de um tratamento, como foi realizado no estudo 2. 
Entretanto, apesar do teste pendular ser um teste muito utilizado, inclusive 
em outras patologias, não existe uma postura padronizada para realização deste 
teste. E como a espasticidade é dependente do alongamento os resultados podem 
ser influenciados pela postura do paciente ao realizar o teste, pois os quadríceps 
femoris, por exemplo, possuem um músculo bi-articular, o rectus femoris. E apesar 
de na presente pesquisa não ter ocorrido uma diferença estatisticamente significativa 
entre as posturas dos pacientes, quando estes realizavam o teste na posição 
sentada, os resultados obtidos foram similares aos do grupo controle indicando que 
nesta postura realmente ocorre um maior relaxamento dos quadríceps femoris. Esta 
diferença ocorreu, provavelmente, devido à mudança da flexão do tronco dos 
indivíduos. Dependendo da postura a musculatura fica mais encurtada ou alongada, 
sendo que quando o paciente está na posição em supino os rectus femuris está 
mais alongado, gerando assim, maior espasticidade e quando estão sentados, ele 
está mais encurtado, consequentemente mais relaxado, gerando menor 
espasticidade. Além disso, nas posturas supino e semi-supino os pacientes 
queixaram-se de dor e desconforto, o que gerou um aumento de pressão arterial em 
dois indivíduos, causando, portanto, sintomas de disreflexia autonômica e contra-
indicando, devido a isso, essas posturas a este grupo de pacientes. Entretanto, 
todos os indivíduos pesquisados tinham lesões acima de T6. 
Devido a isso, no estudo 2 para realizar a análise dos diferentes 
protocolos de tratamento com EENM na espasticidade de indivíduos com LM através 
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do teste pendular foi escolhida a postura sentada como padrão, apesar da menor 
espasticidade nesta postura. 
Mesmo sendo utilizada a postura sentada para realização do teste 
pendular, os três grupos de tratamento apresentaram alguma melhora na 
espasticidade após os tratamentos em ambas as pernas. Apesar dessa diferença 
nem sempre ser significativa, os valores de RI e RIn aumentaram em todos os 
grupos e foram resultados considerados “normais” ou sem espasticidade, segundo 
Badj e Vodovonik (1984), RI≥1.6 e RIn≥120. Essa diferença provavelmente não foi 
significativa entre o antes e depois pela escolha da postura sentada, por a 
musculatura estar mais relaxada. 
A melhora da espasticidade, neste caso, ocorre por dois motivos, pela 
fadiga da musculatura e pela neuromodulação, que acontece através da estimulação 
elétrica direta dos músculos agonistas (quadríceps femoris) e indireta dos 
antagonistas (isquiotibiais) através da estimulação do nervo fibular e do reflexo de 
retirada. 
Já quando a comparação das terapias a longo prazo (avaliação inicial X 
avaliação após 6 meses) foi realizada não houve uma melhora efetiva na 
espasticidade, que pode ter ocorrido devido ao tratamento ter sido realizado apenas 
uma vez por semana durante os 6 meses. A melhora na espasticidade foi observada 
apenas na comparação antes X após tratamento. 
Quando foram comparados os três diferentes protocolos de tratamento 
houve diferença apenas em uma variável na perna esquerda entre o grupo de 
esteira e o grupo andador, apesar de todos os indivíduos do grupo de exercício 
ingerirem medicação antiespasmódica e a maioria em grande quantidade. Portanto, 
os três grupos apresentaram espasticidade semelhante. 
Entretanto quando os resultados imediatamente após os três protocolos 
de tratamento foram comparados (avaliação inicial e avaliação após 6 meses) o 
grupo de marcha na esteira apresentou melhores resultados em uma das variáveis 
para ambos os grupos. Demonstrando que a marcha em esteira pode ser um 
tratamento mais eficaz para diminuir a espasticidade. Isso pode ter ocorrido por três 
motivos: o tratamento em esteira é realizado com suporte parcial de peso e todos 
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pacientes ficam em ortostatismo com uma redução de 40% do peso corporal, outro 
motivo seria pelo auxilio dado pelos fisioterapeutas para posicionar e ativar a EENM 
nos membros inferiores corretamente durante a marcha, realizando assim, um 
melhor choque de calcanhar e por último é um tratamento de marcha continuo por 
20 minutos. Na marcha em andador os pacientes sempre que se sentem cansados, 
sentam para descansar, controlam a própria EENM (através do nervo fibular) e 
fazem a descarga de peso em membros inferiores e o grupo de exercício com EENM 
primeiro realiza a estimulação dos quadríceps femoris e depois do nervo fibular. 
No estudo 3 foi realizado uma análise da composição corporal dos 
indivíduos com LM que praticam ou não atividade física. Para isso, a bioimpedância 
demonstrou ser um método seguro, confiável, prático e útil para medir a obesidade 
em indivíduos com LM. Alguns outros estudos também realizaram a medida de 
bioimpedância em indivíduos com LM e relataram que este é um método 
confiável5,21. 
Além disso, por mensurar a quantidade de água corporal (total, intra e 
extracelular) a bioimpedância se torna um método interessante para utilizar em 
sujeitos com LM, pois mostra a presença de desidratação ou edema. E indivíduos 
com LM normalmente apresentam edema em mebros inferiores. A água é um 
importante componente da massa muscular e no presente estudo os pacientes de 
todos os grupos apresentaram resultados de água corporal normais. 
Indivíduos que não praticavam atividade física apresentaram maior 
percentual de gordura, principalmente os com tetraplegia. Já os que praticavam 
apresentaram valores normais de percentual de gordura, mostrando que a pratica de 
atividade física pode diminuir o risco de obesidade na LM. 
Quando foram comparados os grupos ativos X inativos, os sujeitos com 
tetraplegia apresentaram uma diferença significativa no percentual de gordura e na 
massa gorda, o que não ocorreu quando comparamos os indivíduos com paraplegia, 
isso porque o grupo com tetraplégicos ativos era composto em sua maioria por 
indivíduos incompletos enquanto os inativos eram completos. Portanto, a falta de 
mobilidade do grupo de inativos é maior. Pacientes com tetraplegia completa 
acabam sendo mais dependentes e se movem menos. Entretanto, em estudo 
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realizado por Spungen et al (2003) foram comparados indivíduos com LM completa e 
incompleta e não foram encontradas diferenças significativas entre grupos. 
Já, no presente estudo, quando os grupos foram comparados por nível de 
lesão ocorreu diferença no percentual de gordura entre sujeitos com paraplegia e 
tetraplegia nos grupos inativos. Sendo que os indivíduos com tetraplegia 
apresentaram maior percentual de gordura, o que também pode ser explicado pela 
diminuição de mobilidade. Nos grupos ativos não houve essa diferença, mostrando 
que realmente a maior mobilidade e a prática de atividade física melhoram a 
composição corporal. 
No estudo 3 também foi observado que o IMC subestima a obesidade em 
indivíduos com LM, pois o grupo com tetraplegia e inativos apresentou um 
IMC<25kg/m² (considerado normal) e um percentual de gordura >20% (considerado 
obesidade). Outros estudos também demonstraram que o IMC é um método 
inconsistente e não confiável para detectar obesidade na LM22. 
       Além disso, no estudo 4 foi demonstrado que a espasticidade não está 
correlacionada com o percentual de gordura em indivíduos com LM. III
                                                          
III As referências da Discussão Geral se encontram no capítulo Referências página 75. 
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CONCLUSÃO 
Os pacientes com LM apresentaram uma redução da espasticidade e um 
aumento do relaxamento do quadríceps femoris na posição sentada. Entretanto, as 
posturas supino e semi-supino, por terem gerado sintomas de disreflexia 
autonômica, devem ser evitadas para a realização do teste pendular em pacientes 
com lesões acima de T6. 
Os protocolos de tratamento utilizando EENM, inclusive a marcha com 
EENM são terapias efetivas para diminuição da espasticidade, a curto prazo, em 
indivíduos com LM. 
O IMC não mostrou ser um método eficaz para descrever ou detectar a 
obesidade em sujeitos com LM. Ao contrario da bioimpedância que foi um método 
eficaz e confiável para detectar a obesidade. Além disso, foi demonstrado que a 
atividade física pode melhorar a composição corporal e diminuir o risco de obesidade 
em indivíduos com LM. 
Por último, não foi encontrada uma correlação entre a espasticidade e o 
percentual de gordura. 
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APÊNDICE 
Apêndice 1: Termo de Consentimento Livre e Esclarecido 
Termo de Consentimento livre e esclarecido 
 
“Avaliação da plasticidade de indivíduos com lesão medular submetidos à 
reabilitação com estimulação elétrica neuromuscular”. 
 
Pesquisadoras: - Eliza Regina Ferreira Braga Machado de Azevedo 
Orientador: Prof. Dr. Alberto Cliquet Junior 
Eu,___________________________________________________________, 
portador do RG:_______________, HC:_______________, residente na (Rua, Av, 
outros)_____________________________________________________, 
n°_______, Bairro:_____________________, CEP:______________________, 
Cidade:___________________________, Data de Nascimento:___/___/_____. 
Telefone(s):_____________________________________________________. 
 - Declaro que voluntariamente concordo em participar da pesquisa: “Avaliação da 
plasticidade de indivíduos com lesão medular submetidos à reabilitação com 
estimulação elétrica neuromuscular”. 
- É do meu conhecimento que o presente projeto será desenvolvido em caráter de 
pesquisa científica e tem como objetivo analisar a espasticidade, a composição 
corporal e a atividade muscular do quadríceps (músculo da coxa).  
- Estou ciente de que as avaliações da espasticidade, da composição corporal e da 
atividade muscular do quadríceps serão realizadas no Laboratório de Reabilitação e 
Biomecânica do Aparelho Locomotor do HC da UNICAMP sob a supervisão do Prof. 
Dr. Alberto Cliquet Junior e que os testes não contarão com procedimento invasivo, 
realizado externamente na pele e, desse modo, não tem efeitos colaterais e não 
trazem qualquer risco para a minha integridade física. 
- É do meu conhecimento de que todas as informações obtidas durante as 
avaliações serão mantidas em sigilo e não poderão ser consultadas por pessoas 
leigas, sem a minha devida autorização. As informações assim obtidas, no entanto, 
poderão ser usadas para fins de pesquisa científica, desde que a minha privacidade 
seja sempre resguardada.  
- Li e entendi as informações precedentes e já foram discutidos, todos os riscos e 
benefícios decorrentes desta pesquisa, sendo que dúvidas futuras que possam vir a 
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ocorrer poderão ser prontamente esclarecidas, bem como o acompanhamento dos 
resultados obtidos durante a coleta de dados. 
- Estou ciente que as despesas decorrentes da minha participação nesta pesquisa 
são de minha inteira responsabilidade. 
- Comprometo-me, na medida das minhas possibilidades, prosseguir com as 
avaliações até sua finalização, visando além dos benefícios trazidos com estas, 
colaborar para um bom desempenho do trabalho científico dos responsáveis por 
este projeto. Tenho, no entanto, a liberdade de retirar meu consentimento a qualquer 
momento e deixar de participar do estudo sem sofrer qualquer penalização ou 
prejuízo.   
Este projeto foi aprovado pelo Comitê de Ética em Pesquisa da FCM/UNICAMP. 
               Campinas, _____, de ________________ de 20___ 
                                                   ______________________________________ 
                                                                                       Assinatura do voluntário 
   ______________________________________ 
          Prof. Dr. Alberto Cliquet Júnior 
______________________________________ 
                                                                                          Ft. Eliza Azevedo  
 
       
 
Obs: Para eventuais intercorrências ligar para: (19) 3253-3132 falar com Eliza 
Azevedo. Email: eliza.azevedo@yahoo.com.br 
Para solicitar recursos ou reclamações ligar para: (19) 3521-8936 (Comitê de Ética 
em Pesquisa). Email: cep@fcm.unicamp.br 
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ANEXO 
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Anexo 3: Autorização para utilização do artigo 1 (estudo 1) 
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RightsLink service. John Wiley and Sons Inc has partnered with 
RightsLink to license its content. This notice is a confirmation that your 
order was successful. 
Your order details and publisher terms and conditions are available by 
clicking the link below: 
http://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=cb2038d7-490f-
4b43-984c-e30ad6026286 
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Licensee: Eliza Azevedo  
License Date: Jun 18, 2015  
License Number: 3652170668062  
Title: Artificial organs 
Type Of Use: Thesis/Dissertation  
Total: 0.00 USD 
To access your account, please visit https://myaccount.copyright.com. 
Please note: Online payments are charged immediately after 
order confirmation; invoices are issued daily and are payable 
immediately upon receipt. 
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Anexo 4: Submissão do artigo 2 (capítulo 2) 
 
Assunto: Submission Confirmation 
De: Journal of the Neurological Sciences (ees.jns.0.323c06.10a71260@eesmail.elsevier.com) 
Para: eliza.azevedo@yahoo.com.br; 
Data: Domingo, 28 de Junho de 2015 15:13 
 
 
Dear Ms. Eliza Azevedo, 
 
We have received your article "Neuromuscular electrical stimulation on 
spasticity of individuals with spinal cord injury" for consideration for 
publication in Journal of the Neurological Sciences.  
 
Your manuscript will be given a reference number once an editor has been 
assigned. 
 
Thank you for submitting your work to this journal. 
 
Kind regards, 
 
Elsevier Editorial System 
Journal of the Neurological Sciences 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
